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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present Invention relates to a superconducting wire and manufacturing method thereof, as well as to an 
oxide superconducting coil and a cable conductor. More specifically, the present invention relates to an oxide super- 
conducting wire, manufacturing method thereof, an oxide superconducting coil and a cable conductor having high 
10 critical current density and low a.c. loss. 

Description of the Background Art 

[0002] In recent years, superconducting materials of ceramics, i.e., oxide superconducting materials, are watched 
15 with interest due to higher critical temperatures thereof. Among these materials, yttrium, bismuth and thallium oxide 
superconducting materials which exhibit high critical temperatures of about 90K, 11 OK and 120K respectively, are 
expected for practical application. 

[0003] A single-filamentary oxide superconducting wire having high critical current density fomned of such oxide 
superconducting materials is obtained by heat treating and then covering with a metal sheath the material powder, 
20 drawing, rolling and by further heat treatment. Similarly, an oxide superconducting multi-filamentary wire having high 
critical current density is obtained by heat treating powder mainly consisting of oxide superconducting material, then 
covering the same with a metal sheath, drawing and putting together the as-obtained wires to provide a multi-filamentary 
wire, and further by drawing, rolling and heat treating the same. 

[0004] It has been conventionally known that an oxide superconducting wire having higher critical current density 
25 can be obtained by repeating several times the steps of rolling and heat treatment in manufacturing such an oxide 
superconducting wire. 

[0005] If such an oxide superconducting wire is to be applied to an a.c. cable or magnet, It must have low a.c. loss, 
high strength and superior property under bending-strain, in addition to the high critical current 
[0006] The single-filamentary and the multi-filamentary oxide superconducting wires manufactured through the con- 
so ventional method described above have as high a critical density as 30000A/cm2 or higher. 

[0007] However when an a.c. current is applied with the wire wound in a coil, there is generated an a.c. loss heat 
radiation. This is because an induced current flows between the metal sheath and the ceramics when an a.c. current 
is applied, resulting in heat radiation caused by a.c. loss of nomnal conduction resistance of the metal sheath, as 
compared to the case when a d.c. current is applied, in which case current flows only through the ceramic portions. 
35 Since the temperature of the coil as a whole increases, critical current density is decreased. 

[0008] Accordingly, the operational frequency of the coil manufactured in accordance with the conventional method 
has been about 0.1 Hz at the highest. Document EP-A-0503 525 relates to a method for manufacturing superconductive 
wires in which first metal sheaths of circular cross section are filled with a superconductive material. The first metal 
s heats consist of silver and/or a nickel copper compound or another suitable material. The filled first sheaths are drawn. 
40 Afterwards a plurality of these drawn first sheaths is inserted in a second metal sheath of nickel copper compound or 
of another suitable metal alloy and finally twisted, Inthis wire disconnection is sometimes caused due to inferior tensile 
strength and bending stress. Furthermore, if CuNi alloy and silver are used for the first metal sheath, it is important to 
note that CuNl alloy Is significantly degraded by oxidation at higher temperatures In air. 

[0009] The document ApplPhys.Lett., Vol.51 , No.3, 20 July 1 987, pages 203-204; S.Jin et al.: "Might Tc supercon- 
45 ductors - composite wire fabrication" relates to high T^. superconductors-composite wire fabrication. In this method a 
superconductive powder is introduced into a nonnal metal tube. This normal metal tube comprises Ag alone or Cu with 
a Ni/Au diffusion barrier. The filled normal metal tube is drawn, bundled, placed inside a normal metal tube and further 
drawn to produce a multifilamentary composite configuration. Proper diffusion barrier metals are Ag and Au wherein 
Ag is a very attractive metal component. The resistance against electromagnetic stress, when wound into a coil and 
50 current is applied, and the strength of the subject matter of this are not very high. Furthermore, there is a remarkable 
a.c. loss related to the frequency, 

[001 0] Document WO89/02656 relates to a sheating material for superconducting wires, which is a silver alloy having 
a melting temperature hight than that of pure silver. With such a sheating matertal a single layer wire can be provided 
which melts only at a temperature above the optimal temperature for recovery by annealing so that the original super- 
55 conductivity can be restored or improved after deforming. 
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Summary of the invention 

[0011] The object of the present invention Is to solve the above problems and to provide a method of manufacturing 
an oxide superconducting wire and a tape-like oxide superconducting wire obtainable by such a method, wherein this 
5 wire has high operational frequency, high strength as well as superior property under bending strain and can be used 
for a coll or a cable. 

[0012] This objects is solved by a method according to claim 1 and by an oxide superconducting wire according to 
claim 6. 

[0013] Further embodiments are disclosed in the subclaims. 
10 [0014] The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0015] Figs. 1 to 3 show steps of manufacturing an oxide superconducting wire in accordance with the background 
of the present invention. 

[0016] Fig. 4 is a perspective view showing the oxide superconducting wire of one example of the background of the 
present invention. 

20 [0017] Fig. 5 is a cross section schematically showing the structure ofthe oxide superconducting wire shown in Fig. 4. 
[0018] Fig. 6 Is a cross section schematically showing the structure of the oxide superconducting wire of an example 
of the present invention. 

[0019] Fig. 7 is a perspective view showing an oxide superconducting multi-filamentary wire of an example of the 
present invention. 

25 [0020] Fig. 8 is a perspective view showing a conventional oxide superconducting multi-f|lamehtary wire. 
[0021] Fig. 9 illustrates the angle of inclination of the superconducting wire in the present invention. 
[0022] Fig. 10 shows a structure of an apparatus for measuring the a.c. loss of the oxide superconducting wire. 

DESCRIPTION OFTHE PREFERRED EMBODIMENTS 

30 

[0023] According to the background of the present invention, an oxide superconducting wire is provided, which wire 
is a tape-like oxide superconducting wire including a plurality of filaments of oxide superconductor embedded in a 
matrix, with the filament twisted spirally along the longitudinal direction of the tape wire. 

[0024] As mentioned above, the filament of oxide superconductor embedded in the matrix is twisted spirally along 
35 the longitudinal direction of the wire. Therefore, the induced current flowing between the matrix and the filament is cut 
at every twist pitch and flows in a small loop, so that the magnitude of the current Is limited. As a result, heat radiation 
caused by a.c. loss of the matrix can be avoided. This function will be discussed in detail with reference to the figures, 
[0025] Fig. 8 is a perspective view showing a conventional oxide superconducting multi-filamentary wire. 
[0026] Referring to Fig. 8, the multi-filamentary wire is constituted by filaments 11a, 11b, 11c and lid of oxide su- 
40 perconductor embedded in a silver matrix 2. 

[0027] When the multi-filamentary wire structured in this manner experiences a change in the magnetic field dS/dt 
generated, for example, by a coil, there is generated a large induced current loop 13 other than the applied current 
between filaments lla and lib because of an induced electromotive force, and therefore a large loop current I flows. 
Accordingly, heat radiation derived from the superconducting resistance of silver matrix 2 increases in proportion to 
45 (dB/dt)2 with the frequency. 

[0028] By contrast, Fig. 7 is a perspective view showing an oxide superconducting multi-filamentary wire of one 
example for the background of the present invention. 

[0029] Referring to Fig. 7, the multi-core wire is constituted by filaments 1a, lb, 1c and Id of oxide superconductor 
embedded in silver matrix 2, with each of the filaments 1 a, l b, 1 c and 1 d twisted spirally along the longitudinal direction 

50 of the muitl-filamentary wire. 

[0030] When the multi-filamentary wire structured in this manner experiences the change in the magnetic field dB/ 
dt, the induced current loop 3 is limited by the length Lp of the twist pitch of the filaments la and 1b. Consequently, the 
magnitude of loop current lp also decreases, and the a.c. loss decreases as the length Lp of the twist pitch decreases. 
[0031] Preferably, the pitch of the twist should be at least the width of the wire. This prevents disconnection of the 

55 wire during twisting, rolling and drawing. 

[0032] Preferably, the matrix may be silver or silver alloy, since the matrix of silver or silver alloy can serve as a 
stabilizer. The a.c. loss mentioned above is in reverse proportion to the resistance value ofthe matrix. In order to reduce 
the a.c. loss, it is preferable to provide a matrix having high resistance, by using silver alloy. 
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[0033] According to another aspect relating to the present Invention, an oxide superconducting wire is provided which 
is similar to the wire of the aforennentioned aspect and additionally characterized In that each of the plurality of f ilannents 
is covered by silver or silver alloy, and a barrier layer of metal or metal alloy having the resistance value at a room 
temperature higher than that of silver alloy and in the range of lO'® to 10-"'0nm is provided to surround one or more 
5 filaments covered by silver or silver alloy In the longitudinal direction of the wire. 

[0034] More preferably, the barrier layer should be formed of metal or metal alloy having the resistance value at a 
room temperature in the range of from 1 0'^ to 1 0'®Qm. 

[0035] As described above, according to the present invention, a barrier layer of high resistance Is provided to sur- 
round the filament In the longitudinal direction of the wire is provided. The barrier layer may be provided thin over the 

10 surface or at the interface between the oxide superconducting material and the metal sheath before the single-filam- 
entary wires are put together, and as it experiences work hardening during the subsequent steps of drawing, twisting 
and rolling, disconnection is not caused. !n addition, since the barrier material experiences appropriate work hardening, 
tensile strength and bending strength of the finished tape are improved, and therefore an oxide superconducting wire, 
which has high strength and high resistance against high electromagnetic stress when it is wound into a coil and current 

15 Is applied, can be obtained. 

[0036] According to the background of the present invention, an oxide superconducting coil is provided which is 
formed of a tape-like oxide superconducting wire including a plurality of filaments of oxide superconductor embedded 
In a matrix, with each'filament twisted spirally along the longitudinal direction of the tape wire. In the superconducting 
wire structured in this manner, heat radiation caused by the a.c. loss of the matrix is reduced as already described, 

20 Therefore, a coil having high operational frequency can be obtained. 

[0037] In accordance with the background of the present invention, an oxide superconducting cable conductor is 
provided, which is fomned of a tape-like oxide superconducting wire including a plurality of filaments of oxide super- 
conductor embedded in a matrix, with each filament being twisted spirally along the longitudinal direction of the tape 
wire. In the superconductor wire structured in this manner, heat radiation caused by a.c. loss of the matrix is reduced 

25 as already described. Therefore, a cable conductor having high operational frequency can be obtained. 

[0038] According to the background of the present invention, a method of manufacturing an oxide superconducting 
wire Is provided which includes the steps of heat treating and then covering with a metal sheath, powder mainly con- 
sisting of oxide superconducting material, drawing and putting together the as-obtained wires to provide a multi-filam- 
entary wire, drawing and rolling, and heat treating, in which in the step of drawing and rolling after the wires are put 

30 together to provide a multi-filamentary wire, each as-obtained wire with circular cross section is drawn, twisted and 
then rolled. 

[0039] According to this method, by this twisting, the induced current flowing between the metal sheath and the 
ceramics is cut at every pitch of the twist and flows in a small loop, so that the magnitude of the current is limited and 
heat radiation caused by the a.c. loss of the metal sheath can be avoided. Therefore, operational frequency when the 
35 wire is applied to a coil or a cable in the conventional manner can be increased. The twisting is effected after the 
material powder is covered by the metal sheath, drawn, put together to provide a multi-filamentary wire and again 
drawn, before rolling. Therefore, there is not an Irregularity of filaments inside after rolling, and therefore, rolling can 
be carried out easily. 

[0040] A technique for reducing surface of a shielded current loop by twisting filaments in a metal supercoducting 
40 wire having circular cross section has been disclosed In Yamamura et al, Chodendo Kogaku (Superconductivity Engi- 
neering) 1 974, pp. 64-66. 

[0041] However, a background of the present invention is directed to a very thin tape-like oxide superconducting 
wire. According to this background, it becomes possible to twist the filaments in the tape-like wire by twisting the wire 
while it has circular cross section and then rolling. 
45 [0042] Preferably, after the wires are twisted, the wires should be again drawn and rolled. 

[0043] Since the wires are drawn, then twisted and again drawn, swells of the wires generated during the twisting 
process can be eliminated. Therefore, after rolling, there is not snaking of the tape, and the tape can be unifonnly 
rolled. There is not a possibility of untwisting of the filaments in the tape, 

[0044] Preferably, the pitch of the twist after rolling should be made at least the width of the wire after roiling. If the 
50 twist pitch is made equal to or larger than the tape width after rolling, the wire Is not disconnected during the steps of 
twisting, rolling and drawing. 

[00451 More preferably, the angle of inclination at the step of twisting after rolling should be made at least 0.5* with 
respect to the direction of the wire. If the twisting is effected in this range, the filament simply has its arrangement 
directly changed in the longitudinal direction, and therefore uneven processing of the filament is prevented. Further, 
55 since the filament Is arranged at an angle with respect to the longitudinal direction of the tape because of the twist, the 
bending-strain of the filament when the tape is bent can be reduced as a result. Therefore, property under stain of the 
tape with respect to the critical current can be improved when the tape is twisted. If the angle of twist Is smaller than 
0.5*, the effect of twisting is not obtained, and this effect can be obtained if the angle is 0.5* or larger. 
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[0046] The angle of Inclination here refers to the maximum angle a of the filament 51 positioned at the outermost 
layer of the wire and the center line 50 along the longitudinal direction of the wire. 

[0047] According to the present invention, a method of manufacturing an oxide superconducting wire is provided 
which includes the steps of heat treating and then covering with a metal sheath, powder mainly consisting of an oxide 

5 superconducting material, drawing and putting togetherthe as-obtained wires to provide a multi-filamentary wire, draw- 
ing and rolling, and heat treating, in which a metal or metal alloy having resistance value at a room temperature higher 
than that of the metal sheath and in the range of 1 0*® to 10-''*'£im is provided at the surface of the as-obtained single 
filamentary wire or between the oxide superconducting material and the metal sheath, before the single filamentary 
wires are put together to provide the multi-filamentary wire. 

10 [0048] More preferably, the metal or metal alloy deposited at the surface of the single-filamentary wire or at the 
interface between the oxide superconducting material and the metal sheath has a resistance value at a room temper- 
ature in the range of 1 0-^ to 1 0"® Qm. 

[0049] In this manner, a barrier layer of metal or metal alloy having high resistance is provided at the surface of the 
single-filamentary wire or at the Interface between the oxide superconducting material and the metal sheath. The barrier 

15 of high resistance disposed between the filaments may be provided thin over the surface or at the interface between 
the oxide superconducting materia! and the metal sheath before the single-filamentary wires are put together. Since 
the barrier experiences work hardening during the subsequent steps of drawing, twisting and rolling, disconnection is 
not caused. Further, since the barrier material experiences appropriate work hardening, tensile strength and bending 
strength of the finished tape are improved, and therefore an oxide superconducting wire which has high strength and 

20 high resistance against high electromagnetic stress when it is wound into a coil and current is applied thereto, can be 
obtained. 

[0050] Preferably, in the steps of drawing and rolling after the wires are put together to provide a multi-filamentary 
wire, the as-obtained wire having the circular cross section is drawn and twisted. By twisting the wire in this manner, 
the heat radiation caused by the a.c. loss of the metal sheath can be avoided, as already described. 

25 [0051] As described above, according to the present invention, an oxide superconducting wire with low a.c. loss can 
be obtained. Therefore, the oxide superconducting wire manufactured in accordance with the present invention can 
be applied to an oxide superconducting magnet or cable operated at a high frequency including power frequency of 
0.1 Hz or higher, and it can be also applied widely to various coils for a.c. motors such as induction motors, synchronous 
motors, as well as for transformers, and to large-capacity a.c, cable conductors. 

30 [0052] Further, according to the present invention, an oxide superconducting wire which has not only the low a.c. 
loss but also high strength and superior property under stain can be obtained. 

[0053] It is difficult to reduce the twist pitch in actual manufacturing. However, when silver alloy is used, similar 
characteristic effect as obtained when the twist pitch is reduced, can be obtained. 

[0054] The foregoing and other objects, features, aspects and advantages of the present Invention will become more 
35 apparent from the following detailed description of the present invention. 

[0055] The oxide superconducting wire, superconducting coil and manufacturing method thereof in accordance with 
the present invention will be described. 

(Example 1 illustrating the background of the present invention) 

40 

[0056] Bi20Q, PbO, SrCOg, CaCOg and CuO were mixed to have the composition ratio of Bi:Pb:Sr:Ca:Cu=1 .81:0.40: 
1 .98:2.21 :3.03. The mixed powder was successively subjected to heat treatments in the ambient atmosphere at 750'C 
for 12 hours, SOC^C for 8 hours, and in a reduced pressure atmosphere of 133,32 Pa (1Torr), at 760**C for 8 hours. 
After each step of heat treatment, the powder was pulverized. The power obtained through the heat treatment and 
45 pulverization was further pulverized by a ball mill, and powder of sub micron order was obtained. The powder was 
subjected to heat treatment at 800**C for 2 hours, and filled in a metal pipe having the outer diameter of 12mm and 
inner diameter of 9mm. 

[0057] The powder filled in the silver pipe was drawn to Imm and thus a strand was fabricated. Thereafter, a plurality 
of stands 4 were put together and inserted in a metal pipe having the outer diameter of 12mm and inner diameter of 

50 9mm, and a multi-filamentary wire having 61 filament was obtained, as shown in Fig. 1 . Then, as shown in Fig. 2, the 
wire was further drawn until it has the diameter of 1.0mm. Referring to Fig. 2, the multi-filamentary wire obtained in 
this manner consisted of 61 filaments 7 of superconducting material embedded in a matrix 6 of silver. 
[0058] Then, referring to Fig. 3, the as-obtained multi-core wires after drawing, which had circular cross section, 
were twisted to have the twist pitch of 500mm, 100mm, 50mm and 1 0mm, respectively, and then lightly drawn to the 

55 diameter of 0.98mm<I>. The wires were rolled to have the tape width of 3.0mm and the thickness of 0.22mm, and heat 
treatment was effected at SSCC for 60 hours. Thereafter, the wires were further subjected to rolling until It had the 
thickness of 0.20mm, and further heat treatment at 850'C for 50 hours. 

[0059] Fig. 4 is a perspective view showing the oxide superconducting wire of one example of the background of the 
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present invention obtained in this manner. 

[0060] Referring to Fig. 4, the oxide superconducting wire consists of 61 filannents of oxide superconductor in a matrix 
2 of silver. The filament 1 is twisted spirally along the longitudinal direction of the wire. 

[00611 5 is a cross section schematically showing the structure of the oxide superconducting wire shown in Fig, 
5 4. Referring to Fig. 5, the oxide superconducting wire includes filaments 1 of oxide superconductor embedded in a 
matrix 2 of silver. Matrix 2 serves as a stabilizer. 

[0062] In the similar manner, wires having different twist pitches were prepared, and respective wires were cut to 
have the length of 40mm, critical current density Ic of respective cut wires were measured, and the influence of the 
twisting on the Ic was studied. 

10 [0063] As a result, critical currents were 21 A, 20A, 19A and 17A in the wires having the twist pitches of 500, 100, 
50 and 10mm, respectively. Though the critical current decreased slightly as the pitch was made smaller, it was not 
significantly reduced. The results were when a d.c. current was applied. 

[0064] In this manner, four long oxide superconducting wirejs having the length of 13m and different twist pitches 
were fabricated, and the obtained wires were wound in the shape of pancakes. The coil had the outer diameter of 
t5 I00mm(|), inner diameter of 40mm<}> and the height of 6mm. Four coils were fabricated, using superconducting wires 
having mutually different twist pitches. 

[0065] The a.c, loss in the coils obtained in this manner was measured and compared by using an apparatus such 
as shown in Fig. 10, The method of measurement will be discussed in detail. 

[0066] Referring to Fig. 1 0, by using an a.c. power supply 30, an a.c. current was applied to a coil 31 in liquid nitrogen 
20 filled in a cryostat 32. The effective value ii^g of the a.c. current was 5A and a frequency f was 50H2. The coil voltage 
Vqut the coil current Iqut generated at both ends of the coil 31 at this time were measured. In order to remove 
the voltage of inductance and to measure only the resistance component, the coil voltage Vqut was measured in 
accordance with the 0** phase output voltage of a lock-in amplifier 33. The coil current was measured by using an a. 
c. voltmeter 34. 

25 [0067] By using the coil current value and the coil voltage value obtained in this manner, the a.c. loss was calculated 
in accordance with the following equation: 

a.c. loss = (coil effective current value) X (coil voltage), 

30 

[0068] As a result of the measurement, the a.c. loss was 210mW, 170mW, 130mW and 20mW in the wires having 
the twist pitch of 500, 1 00, 60 and 1 0mm, respectively. 

[0069] As is apparent from the result, the a.c. loss decreases remarkably as the twist pitch is reduced, 
[0070] Meanwhile, a long oxide superconducting wire having the length of 50m was fabricated under the same con- 
35 dition as above except that it was not twisted after drawing. The obtained wire was wound in a double pancake in the 
similar manner and the a.c. loss was measured in the similar manner, which was'300mW. 

[0071] From the above, it can be understood that when a long wire Is manufactured, if the wire is twisted after drawing 
in the steps of drawing and rolling, the a.c. loss of the coil employing the wire, can be significantly reduced. 
[0072] The inventors tried to fabricate a wire having the length of 50m and the twist pitch of smaller than 1 0mm, for 
40 example Shnm. However, during the step Of twisting, the wire was disconnected at several portions, and such twisting 
was impossible. 

[0073] Therefore, actually, it is necessary to make the twist pitch not smaller than the tape width. 
(Embodiment 2 illustrating an example of the present invention) 

45 

[0074] BigOg, PbO, SrCOa, CaCOg and CuO were mixed to have the composition ratio of Bi:Pb:Sr:Ca:Cu=1 .81 :0.40: 
1 .98:2,21 :3.03. The mixed powder was successively subjected to heat treatments in an ambient atmosphere at 750'*C 
for 12 hours, 80O**C for 8 hours and in a reduced pressure atmosphere of 133,32 Pa (1Torr), at 760*C for 8 houns. At 
the end of each heat treatment, the powder was pulverized. The powder obtained through such heat treatment and 
50 pulverization was further pulverized by a ball mill, and the powder of sub micron order was obtained. The powder was 
subjected to heat treatment at BOC^C for 2 hours, and then filled In a silver pipe having the outer diameter of 12mm 
and the inner diameter of 1 1 mm. 

[0075] Further, a pipe of silver with 1 0% of gold added having the outer diameter of 12.3mm4> andthe inner diameter 
of 12mm<|) was provided outside the silver pipe. 
55 [0076] The powder filled In the double pipes was drawn to Imm, and the as-obtained wires were put together and 
inserted in a silver pipe having the outerdlameter of 12mm and the inner diameter of 9mm, to provide a multi-filamentary 
wire having 61 filaments. This wire was further drawn to have the diameter of 1 ,0mm. 

[0077] The multi-filamentary wires after drawing which had circular cross section were twisted to have the twist pitch 
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25 



w r™T; l^nr^' f '"'^^^"dJ.O"^^. respectively and lightly drawn to have the diameter of 0.98mm4.. The as-obtained 
raoT^i Fi. ^ °' ^"'^ ^"^J^*^^ f^^^t «t 850'C for 50 hours, 

iv!!;.,. ^ t ° " ^''"'"■"^ ^''""'"'■^ °f ^^'^ superconducting wire Ih accordance with this 

example of the present invention obtained In this manner. >o.ince wnn inis 

rjJLri?J of'cif *° ^' lit superconducting wire includes filaments 1 of oxide superconductor embedded 
Ihe fn^nt 1 ' ' ' ' °' "'""^ ^"'^ ^ ""Z" 9°"^ ^'^'^^'^ P^°^id^d, surrounding 

of Tr? ""f ""^'^ ^^"""^ '^'^^ P'"''^^^ fabricated, and the wires were cut to have the lenqth 

l«-„ A f';^"*."^ °I ^^^"^ °f the Wires was measured, and the influence of twisting on the Ic was studied 

The results were when a d.c. current was applied aoinaoesmaiier, 

S we!e fL"caS?a^"d relt^'l' multi-filamentary wires having the length of ,2m and mutually different twist pitch- 
es were fabncated, and the obtained wires were wound in the shape of pancal<es. Each coil has the outer diameter of 

[0083] The a.c loss of the colls obtained in this manner was measured and compared by using the apparatus such 
as shown ,n Fig. 10, as in Example 1. More specifically, a.c. current having the effective value of 5A and freqTencro^ 
50Hz was apphed to the coll in liquid nitrogen, only the resistance component of the voltage gener^ed atboth endi 

! 0^50 afd ^Omm^'rispVc^er ' "'"^ '^""^ ''''''' 

rS! Mpinw^r"! """^ *w ^-^^ remarkably reduces as the twist pitch is made smaller. 

[0086] Meanwhile, a long oxide superconducting wire having the length of 50m was prepared under the same con- 
d. on as above except that it was not twisted after drawing and high resistance barrier w^^ 

wirewas wound in the shape of a double pancake in the similar manner, and the a.c. loss was'measured, whth was 

ff°,hf li./' °H " understood that when a long wire is manufactured. In the steps of drawing and rollinq 

If the wire ,s drawn and then twisted, the a.c. loss of the coil employing the wire can be signmcantly reduceS ^' 

(Example 3 illustrating the background of the present invention) 

Pi?f <f' Ti!f * ^"^ ""^'^ '° ^""^^ composition ratio of Bi:Pb:Sr:Ca;Cu=1 .81 :0 40- 

for 12 hours, 800 C for 8 hours and, m a reduced pressure atmosphere of 133,32 Pa (ITorr). at 760»C for 8 hours At 
the end of each heat treatment, the powder was pulverized. The powder obtained through the hea^ t^atrlent an^ 
pulverization was further pulverized by a ball mill, and the powder of the sub micron order was obtained Th^powder 

40 [0089] The powder filled In the silver pipe was drawn to Imm, and the as-obtained wires were put together into a 
6 Iamen.rr««^ 

61 filaments. The as-obtained wire was further drawn to have the diameter of 1 0mm 

«nri^?LI''^ '""'tf-fi'arnentao' Wires after drawing were twisted to have the twist pitches of 500mm. 100mm 50mm 
and 10mm, respectively, and lightly drawn to have the diameter of 0.98mm.l>. The resulting wires were roTdio have 
the tape width of 3.0mm and the thickness of 0.22mm, and then subjected to heat treatment at 85o4To 50 houi 
Thereafter, the wires were further drawn to have the thickness of 0.20mm. and subjected to heat treamient at 850-C 
or 50 hours. Thereafter the wires having different twist pitches were cut to have the length of 40mm^ritll cur^eS 
Ic thereof was measured, and the Influence of the twisting on the lo was studied 
so , ^ *^ "I^"^^ ^""^"^^ ^^'^ 2^ ^' 1 9A and 1 7A in the wires having the twist pitches of 500 1 00 

sllr Th""""' T'"*"""'.""' " Significantly reduced, though It was slightly lowered as Sp^ch was made 

smaller. The results were when a d.c. current was applied ay s irie piicn was maae 

oT 05-''SV»Tnd^" 7-'reir/c,7v!^^^ r^"'"' '1^'^"* 1°°'"^^ were studied, which were 
diameter ;f 20mm ' '"'P^'""^'^' "^'"9 '^^^^W-PrPP^rty under strain of the Ic was studied at the bending 

« [00931 The influence of the twist pitch was studied in accordance with the ratio K iK-ir/ir^ \ nf n \ w t 
bending and ,c after bending, the value K was 0.7, 0.86. 0.9 and 0 gCt"^ % 50^ O^^tT^^ 

thSTff -cognized that the property under stain was improved as the twist angle ncreas^d ft was found 
that the effect was obtained when the angle was made at least 0.6*. 
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[0094] Four long oxide superconducting multi-filamentary wires having the length of 13m and twist pitches of 500, 
100, 50 and 1 0mm, respectively were fabricated, and the resulting wires were wound in the shape of pancakes. Each 
coil has the outer diameter of lOOmmiJ), the inner diameter otAOmm^ and the height of 6mm. Four colls were fabricated, 
using superconducting wires having mutually different twist pitches. 
5 [0095] The a.c. loss of the coils obtained in this manner was measured and compared by using an apparatus such 
as shown in Fig. 10, as in Embodiment 1. IVIore specifically, an a.c. current having the effective value of 5A and the 
frequency of SOHz was applied to the coil in liquid nitrogen, and only the resistance component of the voltage generated 
at both ends of the coll was detected in accordance with the 0' phase signal of the lock-in amplifier, and the a.c. loss 
was compared. 

10 [0096] As a result, the a.c. loss of the wires having twist pitches of 600, 100, 50 and 10mm was 190mW, 180mW, 
1 20m W and lOmW, respectively. 

[0097] As can be understood from the result, the a.c. loss was reduced remarkably as the twist pitch was made 
smaller. 

[0098] A long oxide superconducting wire having the length of 50m was fabricated under the same conditions as 
IS above except that it was not twisted after drawing. The resulting wire was wound in a double pancake In the similar 
manner and the a.c. loss was measured in the similar manner, which was 300mW. 

[0099] It is understood from the foregoing that when a long wire is manufactured, in the steps of drawing and rolling, 
If the wire is twisted after drawing, It comes to have superior bending characteristics, less degradation of ic and the a. 
c. loss of the coil can be significantly reduced, when the wire Is wound into a coil. 

20 

(Example 4 illustrating the background of the present invention) 

[0100] BigOg, PbO, SrCOg, CaCOs and CuO were mixed to have the composition ratio of Bi:Pb:Sr:Ca:Cu=1.81 :0.40: 
1 .98:2,21 :3.03. The mixed powder was successively subjected to heat treatments In the ambient atmosphere at 750'*C 

25 for 12 hours, 800**C for 8 hours and in a reduced pressure atmosphere of 133,32 Pa (1Torr), at 760'*C for 8 hours. At 
the end of each heat treatment, the powder was pulverized. The powder obtained through the heat treatment and 
pulverization was further pulverized by a ball mill, and the powder of sub micron order was obtained. The powder was 
heat treated at 800**C for 2 hours, and filled in an alloy pipe of silver to which 1 0% gold was added, having the outer 
diameter of 12mm and the Inner diameter of 9mm. 

30 [01 01] The powder filled in the silver alloy pipe was drawn to 1 mm, and the as-obtained wires were put together and 
inserted into an alloy pipe of silver and 1 0% gold having the outer diameter of 12mm and the inner diameter of 9mm, 
to provide a multi-filamentary wire having 61 filaments. The wire was further drawn to the diameter of 1 .0mm. 
[01 02] The multi-filamentary wires after drawing, which had circular cross section were twisted to have the twist 
pitches of 500mm, 100mm, 50mm and 10mm, respectively, and lightly drawn to 0.98<|>. The as-obtained wires were 

35 rolled to have the thickness of 0.22mm and subjected to heat treatment at BSO'^C for 50 hours. Thereafter, the wires 
were further rolled to have the thickness of 0.20mm and subjected to heat treatment at 860'C for 50 hours. Thereafter, 
wires having different twist pitches were cut to have the length of 400mm, the critical current Ic of the wires was meas- 
ured, and the influence of the twist on the Ic was studied. 

[0103] As a result, the critical currents were 21 A, 20A, 19A and 17A in the wires having twist pitches of 500, 100, 
40 50 and 1 0mm, and Ic was not significantly reduced, though it was slightly decreased as the pitch was made smaller. 
The results were when a d.c. current was applied. 

[0104] In this manner, four long oxide superconducting multi-filamentary wires having the length of 13m and mutually 
different twist pitches were fabricated, and the resulting wires were wound in the shape of pancakes. Each coil has 
the outer diameter of 100mm4i, the inner diameter of 40mm(t> and the height of 6mm. Four colls were fabricated using 

45 superconducting wires of mutually different twist pitches. 

[0105] The a.c. loss of the coils obtained in this manner was measured and compared by using an apparatus such 
as shown in Fig. 10, as in Example 1. More specifically, an a.c. current having the effective value of 5A and frequency 
of SOHz was applied in liquid nitrogen, and only the resistance component of the voltage generated at both ends of 
the coil was detected in accordance with the 0* phase signal of the lock-in amplifier, and the a.c, loss was compared. 

50 [0106] As a result, the a.c. loss was 80m W, 35m W, 33mW and 5m W in the wires having the twist pitches of 500, 
100, 50 and 10mm, respectively. 

[0107] As is apparent from the results, the a.c. loss was significantly reduced as the twist pitch was reduced. 
[0108] A long oxide superconducting wire having the length of 50m was fabricated under the same condrtlons as 
above except that it was not twisted after drawing. The obtained wire was wound similarly in a double pancake, and 
55 the a.c. loss was measured, which was 300m W. 

[0109] It is understood from the foregoing that when a long wire is manufactured, in the steps of drawing and rolling, 
if the wire is twisted after drawing, the a.c. loss of the coil can be significantly reduced when the wire is wound into a coil. 
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{Example 5 illustrating the background of the present invention) 

[0110] By using the tape-like superconducting wire covered by a metal sheath in accordance with the background 
of the present invention, a small coil having the specification shown in Table 1 below was fabricated and the a.c con- 
s duction characteristics was studied in accordance with the conduction conditions specified in Table 2. Silver or silver 
with 1 0%Au added thereto was used as the metal sheath. The twist pitch was 20mm and 50mm, and a wire which was 
not twisted was also fabricated for comparison. 



Table 1 



10 
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20 



Coii Specification 


coil 


inner diameter 


20mm(|> 




outer diameter 


40mm{|) 




height 


12mm 




double pancake 


2 


tape wire 


sheath metal 


Ag or Ag+1 0%Au 




width 


2.7mm 




thickness 


0.72mm 




length 


Sm/double pancake 


Table 2 



Conduction Condition 


frequency 


30Hz 


applied current 


10A 


peak magnetic field 


±321 gauss 


temperature of measurement 


77K (in liquid nitrogen) 



[0111] The result of measurement of the a.c. loss measured by using the apparatus shown in Fig. 10 as in Example 
1 is as shown in Table 3 below. 



40 



Table 3 



twist pitch 


a.c. loss 




when Ag was used for metal sheath 


when Ag+10%Au was used for metal sheath 


20mm 


lOOmW 


10mW 


50mm 


150mW 


20mW 


not twisted 


200mW 


70mW 



50 



[0112] By collecting a plurality of oxide superconducting wires fabricated in the manner as described above, an oxide 
superconducting cable conductor can be obtained. 

[0113] The present invention can be applied not only to the manufacture of a bismuth superconducting wire but also 
to manufacture of thallium and yttrium superconducting wires, 

[0114] Although the present invention has been described and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not to be taken by way of limitation. 



Claims 

55 

1. Method of manufacturing an oxide superconducting wire, including the steps of heat treating and then covering 
with a metal sheath of silver or silver alloy, a powder mainly consisting of an oxide superconducting material, 



9 



EP 0 638 942 B1 



20 



drawing to provide a single-filamentary wire (4) and putting together as-obtained single-filamentary wires (4) to 
provide a multi-filamentary wire, drawing and rolling, and then heat treating, wherein a silver gold alloy is provided 
on the surface of the metal sheathed single-filamentary wire (4) or at the interface betweer^ said oxide supercon- 
ducting material and said metal sheath, before the single-filamentary wires (4) are put together to provide said 
multi-filamentary wire, 

wherein the resistivity of said silver gold alloy at room temperature is higher than that of the metal sheath, and 
wherein in the steps of drawing and rolling after said multi-filamentary wire (4) is prepared, after drawing, the as- 
obtained wire having a circular cross section is twisted. 

2. Method according to claim 1 wherein the silver gold alloy is provided at an interface between said oxide super- 
conducting material and said metal sheath and is silver with 10% gold added, 

3. Method to claim 1 or 2, wherein after said wire is twisted, the wire is again drawn and then rolled. 

4. Method according to claim 1 or 2, wherein twist pitch after rolling Is made to be at least the width of the wire after 
rolling. 

5. Method according to to claim 1 or 2, wherein angle of inclination of the twist after rolling is made at least 0.5** with 
respect to a direction of said wire. 

6. A tape-lli<e oxide superconducting wire including a plurality of filaments (1 ) of an oxide superconducting material 
embedded in a matrix (2), wherein each filament (1) ist twisted spirally along the longitudinal direction of said tape- 
tike wire, and wherein a barrier layer (8) of silver gold alloy 

-25 a) surrounds the filament (i), wherein the resistivity of said silver gold alloy at room temperature is higher than 

that of the matrix (2) material, or 

b) is provided on a sheath layer of silver or silver alloy which surrounds the filament (1 ), wherein, if the sheath 
layer is of silver alloy, the resistivity of said silver gold alloy at room temperature is higher than that of the 
sheath layer of silver alloy. 

30 

7. Oxide superconducting wire according to claim 5, wherein said matrix is silver or silver alloy. 

8. Oxide superconducting wire according to claim 6 or 7, wherein the barrier layer (8) is provided on a sheath layer 
of silver or silver alloy which surrounds the filament (1) and is of silver with 1 0% gold added. 

9. Oxide superconducting wire according to one of the claims 6 to 8, which fomns an oxide superconducting coil. 

10. Oxide superconducting wire according to one of the claims 6 to 8, which forms an oxide superconducting cable. 

40 

PatentansprUche 

1. Verfahren zum Herstellen eines supraleitenden Oxiddrahtes, das die Schritte des WSrmebehandelns von einem 
Pulver, das im wesentlichen aus einem supraleitenden Oxidmateriai besteht und des anschlieBenden Bedeckens 

45 von diesem mit einer Metallumhullung aus Silber oder einer Silberlegierung, des Ziehens zum Vorsehen eines 

einadrigen Drahtes (4) und des Zusammenbringens der auf diese Weise erhaltenen einadrigen Drahte (4) zum 
Vorsehen eines mehradrigen Drahtes, des Ziehen und Walzens und des anschlieBenden Warmebehandelns auf- 
weist, wobel eine Silber-Gold-Legierung auf der Oberflache des mit der Metailumhiillung versehenen einadrigen 
Drahtes (4) oder an der Grenzflache zwischen dem supraleitenden Oxidmateriai und der MetallumhOllung vorge- 

50 sehen wird, bevordie einadrigen Drahte (4) zusammengebracht werden, um den mehradrigen Draht vorzusehen, 

wobei der spezifische Widerstand der Silber-Gotd-Legierung bei Zimmertemperatur hoher als der der Me- 
tallumhullung ist, und 

wobei in den Schritten des Ziehens und Walzens nach dem Vorbereiten des mehradrigen Drahtes (4) der auf 
^5 diese Weise erhaltene Draht mit kreisfonnigem Querschnitt nach dem Ziehen verdrillt wird. 

2. Verfahren nach Anspruch 1 , wobei die Silber-Gold-Legierung an einer Grenzflache zwischen dem supraleitenden 
Oxidmateriai und der Metallumhullung vorgesehen ist und Silber mit hinzugefugten 1 0 % Gold ist. 
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3. Verfahren nach Anspruch 1 Oder 2, wobei nach dem Verdrillen des Drahtes der Draht erneut gezogen und dann 
gewalztwird. 

4. Verfahren nach Anspruch 1 Oder 2, wobei die Verdrillsteigung nach dem Walzen auf zumindest die Breite des 
5 Drahtes nach denfi Walzen gebracht wird, 

5. Verfahren nach Anspruch 1 oder 2, wobei der Neigungswinkel der Verdrillung nach dem Walzen bezugllch der 
Richtung des Drahtes zumindest auf 0,6" gebracht wlrd. 

10 6. Bandartigersupraleitender Oxiddraht mit einer Vielzahl von Adern (1 ) aus einem supraleltenden Oxidmaterial, die 
in eine IVIatrix (2) eingebettet sind, wobei 

jede Ader (1) in LSngsrichtung des bandartigen Drahtes spiraiformig verdrillt ist, und 
wobei eine Sperrschicht (8) aus einer Silber-Gold-Legierung 

75 a) die Ader (1) umgibt, wobei der spezifische Widerstand der Silber-Gold-Legierung be) Zimmertemperatur 

hoher als der des IVIaterials der Matrix (2) ist, oder 

b) an einer Umhuilungsschlchr aus Silber oder einer Silberiegierung, die die Ader (1) umgibt, vorgesehen ist, 
wobei dann, wenn die Umhullungsschicht aus einer Silberiegierung ist, der spezifische Widerstand der Silber- 
Gold-Legierung bei Zimmertemperatur hoher als der der Umhullungsschicht aus der Silberiegierung ist. 

so 

7. Supraleitender Oxiddraht nach Anspruch 5, wobei die Matrix Silber oder eine Silberiegierung ist. 

8. Supraleitender Oxiddraht nach Anspruch 6 oder 7, wobei die Sperrschicht (8) auf einer die Ader (1) umgebenden 
Umhullungsschichtaus Silber Oder einer Silberiegierung vorgesehen Ist und aus Silber mit zugesetzten 10% Gold 

25 ist 

9. Supraleitender Oxiddraht nach einem der Anspruche 6 bis 8, der eine supraleitende Oxidspule ausbildet. 

10. Supraleitender Oxiddraht nach einem der Anspruche 6 bis 8, der ein supraleitendes Oxidkabel ausbildet 

30 



Revendications 

1 . Proc6d6 de fabrication d'un f 11 en oxyde supraconducteur, comprenant ies stapes de traitement themnique et en- 
35 suite de revetement par une gaine metailique d'argent ou d'alliage d'argent, d'une poudre constitute principalement 

d'un oxyde supraconducteur, d'6tirage pour obtenir un fil monofilamentaire (4) et de reunion des fils monofilamen- 
taires (4) ainsi obtenus pourconstituer un fil & filaments multiples d'6tirage etde laminage, et ensuite de traitement 
thermique, dans lequel un alliage d'argent et d'or est dispos6 sur la surface un fil monofilamentaire (4) gaine de 
metal ou a interface entre ledit oxyde supraconducteur et ladite gaine metailique, avant que Ies fiis monofiiamen- 
40 taires (4) solent r6unis pour constltuer ledit fil k filaments multiples, dans lequel la r6slstivit6 dudit alliage d'argent 

et d'or h temperature ambiante sup6rieure h celle de la gaine metailique, et dans lequel au cours des Stapes 
d'etirage et de laminage apres preparation dudit fil & filaments multiples (4), apres dtirage, le ftl ainsi obtenu de 
section transversale circulaire est torsade. 



45 2. Proced6 selon la revendlcation 1 , dans lequel i'alliage d'argent et d'or est disposd & une interface entre ledit oxyde 
supraconducteur et ladite gaine metailique et 10% d'orsont ajout^s a I'argent. 

3. Precede selon la revendlcation 1 ou 2, dans leque! aprfes torsion dudit fil, lefil est^ nouveau etrr^ et ensuite laming. 

50 4. Precede selon la revendication 1 ou 2, dans lequel le pas de torsion aprfes laminage est rendu au moins 6gal k la 
iargeur du fil aprfes laminage. 

5, Procede selon la revendication 1 ou 2, dans lequel Tangle d'inclinaison de la torsion apres laminage est au moins 
0,5* par rapport & une direction dudit fil. 

55 

6. Fil en oxyde supraconducteur sous forme de ruban comprenant une plurallte de filaments (1) d'un oxyde supra- 
conducteur noyes dans une matrice (2), dans lequel chaque filament (1 ) est torsade helico'idalement selon le sens 
longitudinal dudit fil en fomne de ruban et dans lequel une couche d'arret (8) d'alliage d'argent et d'or 
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a) entoure !e filament (1), dans lequel la resistivity dudit alliage d'argent et d'or h temperature ambiante est 
sup6noure & celle du materiau de ia matrice (2), ou 

b) est prevue sur une gaine d'argent ou d'alliage d'argent qui entoure le filament (1), dans lequel, si la gaine 
est en alliage d'argent, la r^sistivite dudit alliage d'argent et d'or ^ temperature ambiante est superieure ^ celle 
de la gaine d'alliage d'argent. 

7. Fil en oxyde supraconducteur selon ia revendication 5, dans lequel iadite matrice est en argent ou en alliage 
d'argent 

8. Fil en oxyde supraconducteur selon la revendication 6 ou 7, dans lequel la couche d'arret (8) est disposee sur une 
gaine d'argent ou d'alliage d'argent qui entoure le filament (1) et est en argent avec adjo notion de 1 0% d'or. 

Fil en oxyde supraconducteur selon I'une des revendications 6^8, qui constitue une bobine en oxyde supracon- 
ducteur. 

0. Fil en oxyde supraconducteur selon Tune des revendications 6 k 8, qui fonme un cable en oxyde supraconducteur. 
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FIG. 5 
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FIG. 10 
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